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v Conventional hadrons: meson |qq), baryon: |qqq) or |gqq)

(b)

v Conventional Spin-parity quantum numbers

Mesons: n%°t1 L] P = (_1)L+1; 3C,C = (_1)L+S
e.g.0~*t,0t*, 17—, 1t~ 2%+ 27 .
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v' Conventional Spin-parity quantum numbers (continued)

Baryons: classified by (D, L%),e.g. N = 0:nucleonand A, P = +
or classified by [X?t1 L_JP|withX = N,A, ..., m =
M or A (symmetry)

v" QCD allows for “exotics”

Hadronic
Molecule

Glueball Hybrid Tetraquark

Exotic quantum numbers: 07—,07~,1~ *,2%=,37*, ...
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v Angular distribution analysis: Q~,: J¥ = 3/2%

BaBar col.PRL97, 112001 (2006)
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WEIGHTED NUMBER OF EVENTS/20 MeV

v Moment analysis: £(1820) : | =3/2 Phys.Lett., 77B, 451
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v PDG 2018 v PDG 2022
/\+ /(JP) = O(%*) Status: ¥Xxx AT IUP) = 03 t) Status: kkk ok
C C
, 1, i - . The parity of the /'lzr is defined to be positive (as are the parities of
The parity of the A~ is defined to be positive (35.5”6 the parities of the proton, neutron, and A). The quark content is udc. Results of
the proton, neutron, and A). The quark content is vdc. Results of an analysis of pK~ 7 decays (JEZABEK 92) are consistent with
an analysis of pK ™~ 7" decays (JEZABEK 92) are consistent with J J = 1/2. ABLIKIM 21N determines the A spin to be J = 1/2,
= 1/2. Nobody doubts that the spin is indeed 1/2. from an angular analysis of various 2-body Aj decays in et e” —
AT,

We have omitted some results that have been superseded by later

experiments. The omitted results may be found in earlier editions. We have omitted some results that have been superseded by later

experiments. The omitted results may be found in earlier editions.

1. M. Ablikim et al. (BESIII Collaboration), Phys. Rev., D103, L091101
(2021);



587 pb™1 at +/s = 4.6 GeV

likelihood test using angular distribution for ete™ - A A,, A, -
pKQ, An*, %%, and ZtnP.
Tow spin hypotheses, | =
likelihood function:

are tested
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B Survived events: 2829 events, 242 bkg. events
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Z.(3900) B EFAFIREVN =

Z.(3900) IG(JPC) =1+(1+")

Z.(3900) MASS 3887.1 & 2.6 MeV (S = 1.7)

Z.(3900) WIDTH 28.4 4+ 2.6 MeV

1. Ablikim, M. et.al, (BESIII) Phys.Rev.Lett.,110, 252001 (2013).
2. Ablikim, M. et.al, (BESIII), Phys.Rev.Lett.,119, 072001 (2017).
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Dalltz plot and mass spectrum

M2(n*7) (GeV/c?)?

Events / 0.02 GeV/c?
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Events / 0.01 GeV/c?

Z.(3900) confirmed by other experiments

BESIII : Mar. 24, 2013 »f PRL 110, 252002/(2013)

Belle : Mar. 30,2013 3
CLEOc : Apr. 10, 2013 &
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EVENTS / 0.02 GeV/c?

EVENTS / 0.02 GeV/c?

Spin and parity measurement
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v' 7.(3900) HIEEFMHHIA D o

1. ete” > nEzZ}

(sin® 0, (JP=0")
N 1+ aycos?8, JF =11
——x<{ 1+cos?8, (JF=17)
d cos O 1+ aycos?8, JF =27)
0 0 Ref. Chin. Phys. Lett. Vol. 33,
\1+cos*6, (¥ =2%) 061401 (2016)
2.2F >t/
( 1 JP =07)
N 1+ a;cos?0, (JF =1%)
mm{ 1+cos?0;, (JF=17)
1+ a;cos?20; +a,cos*l; (JP =27)

\1 —3cos?0, +4cos*8, (¥ =2%



v 7.(3900) HIEFHM AT HRENSGITEE T

400 500
[ | mwrE 450 i

350F _| - 400
~ i:: _+ N 350f- == e
2300f bmmnne 2 300f
2 pwmwm ST P 250F
S2soF T L. < 200F
o[ -0 s 0 150F -0 .

200F LT -2 100F 2% -2 TTT

(a) S0 (b)
150 : : 0 : : ' :
00 02 04 06 08 1.0 00 02 04 06 08 1.0



v 7.(3900) it E &M

> H, hypothesis: J¥ = 1%; H; hypothesis: J¥ =0~ or (17,2"1);

» Statistics: t = —2In A = 2[In Lyax(H1) — In Liax(Ho)l,

o0
»> p-value : p(tops) :/ XQ(t;'r)dt.

IL-c:ubs

» Significance 1 t
- 5 . obs .
/ e 2y =1 — p(tons) = / Y2 (t: r)dt.
0

s V2
Hypothesis A(=2InL) A(ndf) Significance
1T over 0~ 94.0 13 7.60
1T over 1~ 158.3 13 10.86
1t over 2~ 151.9 13 10.56
It over 27 96.0 13 776
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Argand plot
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X (2085) BhEFAFHREVNE

ete” » K~X(2085)%,X(2085)" - pA

Mpole = 208475 + 9 MeV, T =58%% + 25 MeV

Ablikim, M., et.al, (BESIII) Phys.Rev.Lett., 131, 151901(2023)



p\ threshold enhancement X(2085)

BESIIz/ /¢ - pK A+ c.c.

35 .
M,; (GeVicY)

My, (GeVic)

PRL 93 (2004) 112002
40~
Ezoo_-(a) | E M=2075+12+5
= | 'Ilumi H‘li" G MeVvic?
= | ||| i HTY Z TI=90+35+9
%’ A |H i 0 MeV
= »
] [Iil = HHI mtll | +“}]
: |+|*+|'||I||'I.|*“| t .--"'_':h:':‘" ,,,,,, i:.l- ........
ol . 1 A T
2 2.5 0.1
ij—\ (GeV) pA - - mg (GeV)
=200 1
B_ELLE:BO - %175 g BELLE:B™ —
-], pAm S0 pAy
] PRL 90 (2003) Zizs — PRL 95 (2005)
201802 dof 061802
EI;:'?S é +
Ssof
H | e} ‘
1 of . et
T T T T 2 225 25 275 3 325 35 375 4

dBr/dM; (10 (GeVic)

Motivation

® Observed at BESII in 2004

® Similar structure was seen in
several B meson and
charmonium decays

® [nvestigated theoretically
under scenario of guark model,
ESI and chiral effective theory
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.014029
https://doi.org/10.1016/j.physletb.2005.08.046
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.59.3009
https://www.worldscientific.com/doi/abs/10.1142/S0217751X07037949
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.065201
http://cpc.ihep.ac.cn/article/doi/10.1088/1674-1137/42/1/014105

X(2085) inete™ - y* - pK~A+c.c.

but spin-parity not measured.
Similar evidence found in B - pAn, and ¢, x,

* Near pA,. threshold, an enhancement also
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- X(2085) inete” - y* > pK A+ c.c.

(b) x3/mnbin=1.22 o X(2085), ]P — 1.|_
*  Mpoe = (208415 £9) MeV
Lpole = (5874 +25) MeV

200
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Aln L Andf Significance
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Mpx (GeV/c?) } { (}\-’f:‘,]: 2_ 44 8 2 9.2
over 2 13.8 0 5.3
o0k (© x*mbin=1.21 |
gfg’;&%ﬁ%md \/E (GeV) Mpole (MeV/cZ) Fpole (MeV)

1501~ :ggﬁgg 4.008 2085114 50416
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4.226 2088410 684112

s0 4.258 2083411 484+10
4.416 2088113 06412
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Check significance with toy MC method

3n§— — T MC
C 2 MC
2 2 — Data Aln L Andf Significance
5 20~ 17 over 0~ 40.6 4 2.3
E b 17 over 1 30.2 2 7.5
w C
Q 1T over 2T 448 2 9.2
10 1+ over 2— 13.8 0 5.3
0:] _11BDT I 1 1 1n 11 T 1 1130_
2=A(-InL)
v" The statistical significances of 17 over 07,17, and 2%
are obtained with AlnL = InL' —InL/" and Andf
v" For 17 over 27, the Andf is assumed to be 1,
fOHOwing PRL 115 (2015), 072001.
v"  The approach based on MC simulation is checked.
The t = —21n(L%2 /LY") distribution suggests a
23

statistical significance 5.6 o



X(2085) Argand plot
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« From 2.05 — 2.13 GeV with step size 20 MeV
= BW function replaced with a complex
number A4; in point i
« Cubic interpolation between two points
- No conclusion whether X(2075) exhibits the

characteristics of a resonance or not. 24



check alternative /°
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check alternative /°
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Data favor 1™ hypothesis
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Data at other five points
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Spin-parity measurements using hypothesis
testing

Distinguishing spin parity through angular
distribution, angular moment analysis, and fit
quality

Exotic spin-parity measurements as a tool for
identifying exotic states.

Thanks for your attention!
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